. Urinary excretion of hippuric acid and m-or p-methylhippuric acid in the urine of persons exposed to vapours of toluene and m-or p-xylene as a test of exposure. Twenty-three male volunteers were exposed in groups of four or five to toluene and m-and p-xylene vapour for periods of 3 hours or of 7 hours with one break of an hour. Urine was collected at hourly intervals for several hours, and thereafter all urine was collected until 18 hours after the end of the exposure period, and was analysed for hippuric and methylhippuric acids. It was shown that hippuric acid was excreted equivalent to 68 % of the toluene absorbed, and m-methylhippuric acid equivalent to 72% of the m-xylene absorbed. Up to hydrocarbon concentrations of 200 ppm the total quantity of hippuric acids excreted was proportional to the total exposure (ppm x hours). In descending order of precision the following were also related to exposure: rate of excretion during the exposure period; concentrations of hippuric acid in urine corrected to constant urine density; and concentrations in urine uncorrected for density. The last could not be used to calculate exposure, but the others could be to give screening tests to show whether workmen could have been exposed to concentrations greater than the maximum allowable.
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The effects of exposure on blood pressure, pulse rate, flicker value, and reaction time were measured. There were some variations which suggested that the MAC of toluene should be set higher than 200 ppm.
For the reasons given by Ogata, Tomokuni, and Takatsuka (1969) , exposure to toluene and m-or p-xylene is best estimated by determining the quantities of their metabolites, hippuric acid and m-or p-methylhippuric acid, excreted in the urine. Using the analytical methods already described (Ogata et al., 1969) we show here how the quantities of metabolites are related to exposure, and consequently what levels of metabolites in urine correspond to the maximum allowable concentrations suggested by the American Conference of Governmental Industrial Hygienists (1967) , namely 200 ppm for toluene and 100 ppm for xylene. (Xylene is used as the commercial mixture of the three isomeis called 'xylol', of which [75] [76] [77] [78] [79] [80] % is m-xylene.) Experiments were carried out on volunteers, who inhaled known concentrations of the vapours of toluene or xylene or both.
The symptoms and signs induced by exposure are also reported.
Methods Experiments were carried out on 23 male volunteers, students at Okayama University Medical School, average age 23 years, who had had no previous contact with toluene or m-or p-xylene. For each experiment four or five volunteers were exposed to a hydrocarbon. For exposure to toluene or xylene they remained in 43 the exposure chamber either for 3 hours in the morning and for 4 hours in the aftemnon with a break of an hour in between, or just for 3 hours in the morning. For exposure to mixed vapours they remained in the chamber for 3 hours in the morning only.
The vapour concentrations in the chamber were determined every half hour by gas chromatography with a flame ionization detector (Hitachi Co. Ltd., K-53) and were also checked by a Kitagawa detector every quarter of an hour. The averages of the concentrations found by gas chromatography were taken as correct.
They were constant to within ±8 %.
During the last two hours of exposure the concentrations in the air expired by the subjects were also determined by gas chromatography. From the differences between the concentration of toluene and m-xylene in the inspired and expired air the quantities of toluene and m-xylene retained by the subjects were calculated. The average minute volume respired by the subjects was 8.6 litres.
The quantity of hippuric acid which would appear in the urine if all the toluene absorbed was converted and excreted is given by: mg hippuric acid excreted = C.V.t.F.MH/MT, where C = concentration of toluene in mg/litre, V = minute volume, t = exposure time in minutes, F = fraction of toluene retained by the lungs, and MH and MT are the MWs of hippuric acid and toluene respectively. A similar formula, obtained by substituting the MWs of methylhippuric acid and xylene for MH and MT in the original formula, gives the theoretical maximum excretion of methylhippuric acid after exposure to xylene.
From each subject in most experiments all the urine was collected for about a day after exposure in each experiment, and the urine was analysed for hippuric and methylhippuric acids.
The urines of subjects exposed only to toluene were analysed for hippuric acid by the paper chromatographic -method of Ogata, Sugiyama, and Moriyasu (1962) in which butanol-acetic acid-water (4 : 1 : 1 by vol.) is used as the developing solvent. The urines of subjects exposed to xylene or mixed vapours were analysed by the paper chromatographic method described by Ogata et al. (1969) Figure 1 shows the curve for the average excretion of hippuric acid after exposure to toluene. The excretion increased rapidly for the first 2 hours, levelled off during the intermission without exposure, and then rose again during the afternoon's exposure to a maximum somewhat before the time the subjects left the exposure chamber. By 18 hours later the concentrations had fallen nearly to the normal levels. Overall the curve was much as expected if curves for 3 and 4 hours' exposure were superposed with an hour between, i.e., the excretion was proportional to total exposure. Figure 2 shows the corresponding curve for the excretion of m-methylhippuric acid after exposure to m-xylene, and closely resembles Figure 1 . The resemblances can be shown in another way. Of the total hippuric acids excreted in the exposure time + 18 hours, the percentages excreted during the exposure periods were very similar throughout these experiments: 60-1 % during exposure to 100 ppm of toluene, 54-6 % during 200 ppm of toluene, 54.0% during 100 ppm of m-xylene, and 61-0% during 200 ppm of m-xylene.
As can be seen from both Figs 1 and 2, rates of excretion (mg/min) were much more reproducible than urinary concentrations (mg/ml) even after the latter had been corrected for variations in the density of urine to density = 1-024. This density was close to the mean for our subjects. Figure 3 shows the rates of excretion during and after a 3-hour exposure to a mixture of 67 ppm of toluene and 83 ppm of m-xylene. The excretion curves for hippuric and m-methylhippuric acids were again very similar. This similarity is illustrated by the fact that, of the total excreted, 31.50% of the hippuric acid and 308 % of the methylhippuric acid was excreted during the 3 hours' exposure.
Relationship between exposure and total metabolites excreted The total exposure can be measured in the units: ppm x time in hours. Figure 4 shows that when the total hippuric acids excreted in the exposure period + 18 hours are plotted against the total exposures the results fall on two straight lines, i.e., excretion was proportional to exposure. The line for hippuric acid excretion is higher than that for methylhippuric acid excretion by the amount of hippuric acid excreted by the unexposed controls. Results for p-xylene fall on the same line as those for m-xylene. The fraction of the material entering the lungs which was converted to and excreted as hippuric acids was therefore very similar whichever compound, toluene, m-xylene or p-xylene or mixture of toluene and m-xylene, was used, and whatever the concentration in the air or the duration of exposure.
In the experiments involving exposure to a mixture of 67 ppm of toluene and 83 ppm of m-xylene described in the preceding section, the expired air from the subjects was analysed for toluene and m-xylene, with the results shown in Table 1 . The ratio m-xylene : toluene absorbed was 1-37, and was very close to the ratio of the quantities of the corresponding metabolites excreted, 1 46. The total metabolites excreted were equivalent to 68 XO of the toluene absorbed and to 720% of the mn-xylene absorbed.
Relationship between exposure and rates of excretion of metabolites or the concentrations excreted It is obvious from the preceding section that very precise and reproducible estimates could be made of exposure to toluene and xylene from determinations of the total hippuric acid excreted over a period continued for 18 hours after the exposure had ceased. This is not usually feasible. The results were therefore treated in the different ways illustrated in Fig. 5 to try to find other methods of estimating exposure. The urine specimens taken over the exposure periods only were sampled so as to give specimens representative of the three periods 0-3, 4-8, and 0-8 hours after the start of exposure, and C 10 r-I0 Tables.  In these Tables the values under '200 ppm' were obtained by extrapolation, as the concentrations within the chamber were a few per cent less.
In Fig. 5 , the standard deviation (SD) and 2 x SD ranges are shown. As each group consisted of four or five determinations the 2 x SD range will contain about 900% of the expected values, i.e., about 5% of a similarly exposed population are expected to excrete less and about 5 % more than the amounts corresponding to the ranges. The ranges of concentrations were considerably decreased in nearly every instance by correcting results to a urine density of 1 -024, and consequentlyonly concentrations corrected in this way will be considered further. The standard deviations of rates of excretion were still smaller, both absolutely and as fractions of the mean values (coefficients of variation). Effects of exposure on physiological measurements The results of these are shown in Table 2 .
Pulse rate The pulse rates of subjects exposed to 200 ppm of toluene decreased significantly after 3 (mg/ml) Oettingen, Neal, and Donahue (1942) . A decrease of pulse pressure was also observed.
Diastolic blood pressure and flicker value Exposure caused no consistent changes.
Reaction time Exposure to 200 ppm of toluene tended to prolong the reaction time.
Discussion
Our aim was to relate exposure to toluene and xylene to excretion of hippuric and methylhippuric acids in such a way that the exposure can be calculated from the amounts excreted, in order to see whether workers have been exposed to concentrations in the air higher than those allowed, i.e., the MACs, 200 ppm for toluene and 100 ppm for m-and p-xylene. Excretion data which can be used for this purpose are, in descending order of accuracy, total excretion during and for 18 hours after exposure; excretion rates during exposure; and concentrations in uiine, corrected to a density of 1.024, during the afternoon and morning working periods. Concentrations uncorrected for urine density were not usable, as the variability was too great.
Total exposure (ppm x time) could be best estimated from the total quantities of hippuric acids excreted over 24 hours (Fig. 4) . It is, however, impracticable to expect workmen to collect all their urine over a 24-hour period so that other, less reliable methods will generally have to be used.
Good estimates of total exposure could also be made from the total quantities of hippuric acids excreted during the exposure period. These are expressed in Fig. 5 Pulse 200 easy to obtain all the urine over the relevant period. A rather less reliable approach is, however, practicable. The concentrations of hippuric acids in urine are related in a complex way to the previous exposure, and strictly the relationships between concentrations and exposure shown in Fig. 5 are only true if urine sampling is carried out in the particular way described here, and if the concentrations of toluene and xylene in air are steady. It can, however, be seen from Figs 1 to 3 that fairly steady concentrations were soon reached, and that their measurement should give an indication of the exposure during the preceding 1-2 hours.
For screening, the presence of more hippuric acid in the urine of a man than that corresponding to 2 standard deviations less than the average quantity excreted by subjects exposed to the MAC should be taken as evidence that the man may have been exposed to a concentration greater than the MAC.
This will be true of about 5 % of the men. (Standard deviations were calculated from results on only four or five subjects, so±2 SDs should contain about 90 % of the total population.) The screening quantities, as defined above, are listed in Table 3 . These are given both for excretion rates and for concentrations.
The screening concentrations of hippuric acid after exposure to 200 ppm of toluene (the MAC) was 2'37 mg/ml from 0-3 hours or 3-37 mg/ml from 4-8 hours after the beginning of the exposure period. It will be noted that the screening level was higher in the afternoon than in the morning, as the concentration depended upon the total exposure over several hours preceding sampling and not just upon the exposure during the immediately preceding period. This is obvious from Figs 1 to 3, which show that the concentrations began to fall shortly after exposure ceased, but did not fall to control levels for several hours.
In considering exposure to mixed vapours, it must be remembered that the MACs for toluene and xylene are different -200 and 100 ppm respectivelyso that it is necessary to estimate hippuric and methylhippuric acids separately. Values of the fraction greater than 1 would indicate that the subject had probably been exposed to a total concentration greater than the combined MAC. Screening levels could be calculated similarly by substituting the screening concentrations from Table 3 in the equation instead of the mean values.
In the preceding discussion we have taken 200 ppm of toluene as an allowable concentration. However,
